Summary
Serotonin (5-hydroxytryptamine; 5-HT) is an important signaling molecule in the brain-gut axis, and abnormalities of 5-HT signaling system in the gastrointestinal (GI) tract have been investigated in irritable bowel syndrome (IBS). 1 However, there are few studies on of acute tryptophan depletion (ATD)-induced 5-HT modulation at the brain level in IBS. The current study by Labus et al 2 is worth examining because it provides novel information on brain network and the augmented activity that may play an important role in pathophysiology of irritable bowel syndrome. This study was aimed at testing 2 hypotheses. The first was that ATD in healthy women increases the engagement of an emotional arousal circuit during rectal distension. The second was that these changes in the brain are consistent with those changes in female patients with constipation predominant IBS (IBS-C). These 2 hypotheses were tested by ATD and functional magnetic resonance image (fMRI) during visceral stimuli. The subjects were 12 healthy women and 14 female patients with IBS-C. ATD was used as a technique for lowering brain 5-HT. Functional MRI was used as a non-invasive tool to measure brain responses to visceral stimuli. Balloon inflation was used for rectal distension with 2 levels of pressure, including non-painful distension pressure and maximum tolerable pressure. Effective connectivity analysis was used as a mean to test hypotheses regarding neural circuits and network functioning.
In healthy women, balloon inflation in the rectum showed changes in brain activity, and ATD enhanced these changes in brain activity. Brain regions activated with ATD and balloon inflation were the homeostatic afferent network and the emotional arousal network. The amygdala, a key brain region in the emotional arousal network, and the thalamus showed a transient high activation during ATD, while other regions showed sustained activity. Effective connectivity analyses revealed that ATD made a stronger engagement of the emotional arousal circuitry compared to placebo in healthy women during balloon inflation. In other words, ATD resulted in reduced feedback inhibition of the amygdala during an aversive visceral stimulus in healthy women. A similar pattern of effective connectivity within the emotional arousal network was observed in IBS-C patients during rectal distension even without ATD.
Comment
In the GI tract, 5-HT serves as both a paracrine molecule and a neurotransmitter, and 5-HT signaling is physiologically involved in secretion, motility and perception. 3, 4 Alteration of the 5-HT signaling system in the brain-gut axis has been found to be associated with functional gastrointestinal disorders (FGIDs) including IBS; drugs involved in 5-HT signaling modulation have been clinically and widely used in patients with FGIDs. Only 5% of the total 5-HT is found in the brain, whereas 95% is found in the GI tract. 5 In the brain, 5-HT system helps to maintain the normal mental stability, and the alteration of this system is closely associated with mood disorders. The serotonergic neurons in the brain are located in the nuclei of the median raphe. The descending projections of raphe nuclei are involved in the central modulation of pain, whereas the ascending projections are involved in the regulation of mood and cognition. 3, 6 These neurons are involved in the brain-gut axis. Brain 5-HT signaling system has been more extensively investigated in neuropsychiatric disorders such as depression and anxiety than in FGIDs. There are several studies about an association between altered 5-HT signaling in the brain by ATD and functional gastrointestinal disorders, with varying results. 3, 7, 8 ATD lowers the perceptional threshold of the rectal distension in IBS patients and controls. 3 ATD causes a significant delayed gastric emptying. 7 On the contrary, another study reported that ATD did not affect GI symptoms in the controls. 8 This study used VAS scales for scoring GI symptoms, and did not include rectal distension. 8 The different experimental conditions may affect the different results. The current study arouses interest because ATD-induced alteration of 5-HT in the brain can be partly involved in the pathogenesis of IBS. Additionally, this study introduced 2 unique methods of ATD and fMRI to the field of gastroenterology. ATD is a dietary technique to lower brain 5-HT and to investigate the role of 5-HT in the pathogenesis of neuropsychiatric diseases. 9 Tryptophan is the precursor of 5-HT and is an essential amino acid in the diet. In 1974, the administration of a mixture of essential amino acids free of tryptophan was reported to reduce levels of brain tryptophan and 5-HT in the rats. 10 In 1977, the first use of the tryptophan-free amino acid mixture in human subjects was reported. 11 The tryptophan-free diet also produced a decline in cerebrospinal fluid tryptophan and 5-hydroxyindolacetic acid in healthy human subjects. 12 Several studies of FGIDs have used this dietary method. ATD produces significantly delayed gastric emptying of a solid meal in healthy volunteers. 7 ATD affects visceral perception in diarrhea predominant IBS and healthy controls. 3 ATD induces changes in GI and anxiety symptoms in IBS patients. 8 The current study found that ATD reduced inhibition of an emotional arousal network during aversive visceral stimulation and increased effective connectivity within an emotional arousal network. 2 In the future, ATD will be broadly used to investigate pathophysiology of FGIDs including IBS. Functional brain imaging, such as fMRI, provides a noninvasive measurement to indicate the central response to stimuli and a tool for identifying functional brain networks. 13 In FGID, 2 functional networks are recognized, the homeostatic afferent network and emotional arousal network. 13 The emotional arousal network is composed of the amygdala and anterior cingulated cortical sub-regions. 14 The fMRI findings of the current study are consistent with those of previous studies in healthy volunteers, and also newly revealed effective connectivity within an emotional arousal network in IBS-C patients. 2 Although the current study will contribute to elucidating the role of 5-HT in the brain of patients with IBS-C, the small sample size is a limitation. Another limitation is that ATD can cause a decrease in peripheral 5-HT, which can affect 5-HT signaling in the GI tract. ATD cannot separate central and peripheral 5-HT alteration, and changes in the brain may be affected by the altered peripheral 5-HT signaling.
In conclusion, the current study introduces new research techniques, ATD and fMRI, for investigating FGIDs, and demonstrates that alteration on 5-HT signaling in the brain may play an important role in IBS pathophysiology.
